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ABSTRACT

An analysis has been made of a coaxial transimissicn 1ine composed
of two coaxial cylindrical conductors. Two dielectrics fi11 diffesrent
angular portions of the volume between the conductors. 1ne propagation
constants (primarily the guide wavelengih) are determined by a resonant
condition applisd to the plane transverse to the direction of propagation.

Experimental verification is given for aear unity values of the ratio
of the outer to the imner radius. In addition, an experimental investi-
gation has been made of the properties of the guide wavelength as a func-
tion of frequency and larger ratios of the radii.
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I INTRODUCTION

The propagation constants of coaxial transmission lines with coaxial
dielectric cylinders have been determined by means of several methods.
The problem has been treated as a boundary value problem as well as &
modal problem.l’2

On the other hand the composite structure of cvaxial cylinders and
a wedge-shaped dielectric material does not lend itself to a simple
analysis by means of the solution of Maxwells! Equations subject to the
proper boundary conditions. A simple approach which yields good results
is made here using an approximate modal method.
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| ".Jo THEORY AND EXPERIMENTAL RESULTS

& The waveguide shown in Fig. 1(a) consists of two uniform coaxial

: “ylindrical conductors the space betiean the cylindérs being partisily
1iiled with material of dielectric constant e, Thc remaining volume has
a dielectric constant €,. The structure has even symmetry about the plane
AA' and through the use of the bisection theorem can be considered as a
"bent® waveguide of width ) g and length 2rp, where pis an average radius.
The ends of the "bent® waveguide are cpen civenited. The requirement that
the total admittance looking in both directionsBat the point T yleldes the

resonant frequencies can be written' as follows:” - -

tan[i'; ,ofp] + Yy tan Li:l (v-0) p] = 0.
YCZ’ and YOl are ;,he characteristic admittances of the sections 2 and

1 respectively. The wavelengths > and A, are the wavelengths of pro-

pagation of the fields into region 2 and region 1 respectively of the

"bent® waveguide. The angle is shown in Fig. 1(b).
For the region 1,

k
c1 2n (2 2 2 'i'
Tm -z“-‘—_- = [(‘1:)51- (12—-)]/’#

. 214
and ’;“ = [('52:; )‘51- (_i!f.) ]

k +
c 3
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! For both, A o is the frece~space wavelength, A is the unknown resonant
wavelength or propﬁgation wavelength in the axial directionof Fig. 1(c).

\ & Since M- -—°—, the above relations may be arranged in the following
t form: AR 3
2 = ( 10 )l + €y ( 1 )l _‘_
R € =t 5 = el e
. ? A 1 4 A —]

Yorr [ Yo = 4 ” < g

() () -2
g b -

2n 2n Moy ? 2w 2n €5 My i+
w ok (@] -5 (2@

Hence, the resonant condition becomes:

v (1) ’ —_—
e A S e AT

If the arguments are small, 3
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A
The ratio of 15- then becomes independent of the average radius p- and
1

A
(2) =5 - =
1 [e
JE(E -
@ Equaticn (2) can be obtained from the consideration of the ®static"

provlem in the diagram of Fig. 2.
The capacitances per unit length of the regions 1 and 2 are,

2¢ (v-g) a 2¢co 8
cl - In 1 b7a ana C2 - W— respectivelyo

The total equivalent capacitance is,

C, =G +6, -Col[g ~(-§-:-’1)¢1J

€.
3

Cay = :
01 in b/a

g)

where

The equivalent phase velocity, V

e’
arep
1 |

Vo= = = f)_ =
© J e & u(e_—’-l)¢1
€1

and wavelength of propagation, Ag,

and so fg_ 1

i o).

The variation of the prcopagation wavelength as a2 function of the
amcunt of filling by the dielectric as calculated from the ®static®
formula (2) is shown in PFig. (3)s - The experimental points are for a
considerable number of frequencies and for a ratio of the radii:

-; = 1.6. These points for mcst ¢f the frequency range lie within the
cirxles shown. A detailed investigation of the deviation of the ratio

ez Xg,as calculated from resonant' condition (1), from the static approxi-
1
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mation of {2) as a function of the frequency is summarized in Fig. 4. For
this set of data, the relative dielectric constant of region 1 is 1.0 (air)
and that of region 2 is 2.8 (Hysol plastic). The ratio g is 1.60. (Actual
dimensions s bul/2", ae5/16%, fr.quency range between 1,000 mcps and 3,500
meps ). _

The effect of the variation of the ratio g on the wavelength has been
dnvestigated for a large frequency range. Fig. S indicates this variation
for several frequenciea. As the ratio of b to a becomes larger, the "bent¥
waveguide approximation becomes worse.h

In the limit of 2-"” s the physical shape of the dielectric approaches
a dielectric wedge. Fig. 6 illustrates that the ratio —£ variation with
frequency is small. The deviation from the static apprgimation due to the
waveguide property is campensated in part by a correction necessitated by
the circular bend.

The modal structure of the fields within this partially filled
coaxial line was examined in detail. The guide wavelength was measured
for the three positions indicated in Fig. 7. Within experimental accuracy,
the guide wavelength, the position of voltage minima and voltage maxima
remained unchanged for the three positions. This was true for a large
mmber of frequencies and for two conditions of loads: e.g. (1) short cir-
cuit and (2) arbitrary resistive load.

By rotating the immer structure of the coaxial cable dielectric
assembly, the charge distribution on the inner surface of the outer con-
ductor was obtained. As is seen in Pig. 8., the charge distribution does
follom a cosimusoidal type of variation from the plane of symmet'rj in
region 2 and hyperbolic .cosin‘e variation in region 13 it is
rapidly changing about the plane of the dielectric discontinuity. The ratio of
charge densities of the two regions is equal to the ratio of the dielectrics
used. (Hysol plastic,ie-:-- 2.8). The frequency for this measurement
was 2000 mcps.
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¢ was a low-loss Hysol plastic of a relative dielectric constant of 2.8.
The slot through which the search probe was inserted was covered by a
t sliding shield so that slot mode excitation was negligible.
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FIG. 8 CHARGE-DENSITY DISTRIBUTICN ON THE INNER SURFACE OF

THE OUTER CONDUCTGR FOR A PARTIALLY FILLED COAXIAL
LINE.
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CONCLUSION

The partially filled coaxial cable can be analyzed to a very goc.l
approximation by a simple static method as long as the ratio of the outer
to the inner radius is small. Even for frequexzcies high enough to ai-
most propagate the next higher mode this approximate method is useful.
The method could be e xtended to similar problems which do not lend them—
selves to easy solution by means of exact boundary value problem methods.
The dielectric wedge obtained as a consequence of a large ratio of the
outer to the inner radius produces a guide wavelength near to that calcu-
lated approximateliye.
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